Abstract The trans-esterification of cottonseed oil using strong alkali catalyst and using multi walled carbon nano tubes as catalyst to produce biodiesel was studied. The interaction effects of various factors such as temperature, amount of alkali used, alcohol to oil ratio and reaction time on yield of biodiesel were studied. The maximum yield of 95% biodiesel was obtained. The biodiesel produced was characterized using FT-IR spectral analysis and GC-MS analysis to ascertain the various functional groups and compounds available in it. The properties of biodiesel using homogeneous alkali catalyst and heterogeneous multi walled carbon nanotubes such as calorific value (36.18 MJ/kg, 33.78 MJ/kg), flash point (160°C, 156°C) and other properties such as viscosity, cloud point, pour point and density were found to determine the quality of biodiesel produced. The studies were done by blending the biodiesel produced with diesel and properties of blended samples were estimated to ascertain the use of blended samples in internal combustion engines.
Introduction
The search for alternate sources of energy is important due to fast depletion of fossil fuels from earth. The renewable energy sources such as biodiesel and bioethanol are considered as alternatives to diesel and petrol used in internal combustion engines and has found wide application in transport sector. The properties of biodiesel are found to vary largely based on the source edible and non edible oils used in transesterification process. The cheaper non-edible source of oil like Jatropha and Pongamia [1] and also less consumed edible oil like cottonseed oil were used in biodiesel production [2, 3] . The cotton being a widely cultivated crop around the world is a useful source for biodiesel extraction from cottonseed oil.
The trans-esterification of oil to biodiesel is performed using acid catalyzed or base catalyzed trans-esterification process [4] . Various catalysts such as sodium silicate [5] , alkali catalysts [6] , zeolite [7] , and NaOH [8] for base catalyzed trans-esterification and sulfuric acid [9] in acid catalyzed esterification process and heterogeneous catalysts like waste shells of egg [10] , crab [11] , oyster [12] and shrimp [13] were calcined for use in biodiesel production. The multi walled carbon nano tubes were used as catalyst in trans esterification process [14] . The alcohol to oil ratio and reaction time are considered as factors influencing the yield of biodiesel in many studies [15, 16, 7] . The yield of biodiesel is improved by different techniques like using ultrasonication [17] , nano-sized solid base catalyst [18] and using enzymes as catalyst [19] . The studies were done using different sources of fats like waste cooking oil [20, 21] , chicken fat [22] and beef tallow [23] . Microwave radiation is used similar to the ultrasonic radiation to reduce the reaction time for trans-esterification process [24] .
The focus of biodiesel research is to ensure lesser SO x , NO x and other pollutant emissions to maintain stringent environmental emission regulations. The methyl cottonseed oil biodiesel was blended with diesel and its performance was evaluated using diesel engines which resulted in reduction of particulate matter emissions by 46.6% [25] . It was found to have a high calorific value, Cetane number, low sulfur and aromatics without compromising the engine performance [25] . These are strong proofs for advocating the use of biodiesel as a substitute for diesel fuel at least partially. Biodiesel is non-toxic in nature, biodegradable and hence found to be environmentally friendly [26, 27] .
This paper focuses on optimizing various process parameters involved in trans-esterification of cottonseed oil to biodiesel by base catalyzed reaction. The various process parameters studied includes temperature, oil to alcohol ratio, reaction time and amount of catalyst to improve the yield of biodiesel. The various properties of biodiesel produced like calorific value, Cetane index, flash point and pour point were determined to provide the quality of biodiesel produced. The blending of biodiesel with diesel at different ratios was done to estimate the property variation of blended samples. The characterization of biodiesel was done using GC-MS and FT-IR to analyze the components and functional groups found in biodiesel produced.
Materials and methods

Biodiesel preparation and purification
The refined cottonseed oil was tested for quality by measuring the standard parameters of oil testing such as acid value, density and saponification value as per standard methods [28] . The values of various properties obtained for the cottonseed oil are shown in Table 1 and were found to be in accordance with the standard oil quality [29] . The constituent fatty acids present in the cottonseed oil are given in Table 2 [30]. The density was measured using specific gravity bottle and the average molecular weight of the oil is 848.3 g/mol based on the saponification value and on the individual constituent fatty acids [31, 32] . The value of average molecular weight calculated is used to find the stoichiometric proportions of alcohol and alkali required for each trial of experiments.
The sodium hydroxide pellets acting as catalyst in transesterification process were dissolved in stoichiometric proportion of ethanol and made up to the desired concentration. The dissolved mixture is poured into the vessel containing cottonseed oil. The mixture is stirred well using the magnetic stirrer and heated to desired temperature for trans-esterification reaction and allowed to proceed for desired reaction time. After this the contents in the vessel are separated in a separating funnel where the two layers (biodiesel and glycerol) were allowed to settle. The temperature is controlled within ±4°C of the required temperature. The purification of the layers is done by washing with water [33] after distilling the alcohol from the reaction mixture. The mass of oil used in each experiment was 71.25 g. The Fourier transform infrared spectroscopy (FT-IR) was recorded using Thermo Nicolet is10 FTIR spectrometer using KBr pellets in the range of 500-4000 cm
À1
. The multi walled carbon nanotubes were used in transesterification process as heterogeneous catalysts. The desired amounts of oil and alcohol are taken and the amount of catalyst used is 10 mg for each experiment in an ultrasonicator. The temperature is maintained in the range of 50°C to 70°C.
Mathematical analysis and modeling
The normal procedure for finding the optimum parameters of a process studied is to get the response for each parameter while keeping the other parameters as a constant. But the interaction effect of one parameter upon another in the resultant response is not captured here. Hence we use the statistical design of experimental tools to study the interaction effects of various factors on the response. The design of experiments chosen for the study was 2 4 half factorial design for four independent variables namely temperature of trans-esterification (X 1 ), amount of NaOH used (X 2 ), alcohol to oil molar ratio (X 3 ) and reaction time (X 4 ). The behavior of the system is explained using a quadratic equation given below for yield (Y):
where b 0 represents the global mean and bi represents the regression coefficient corresponding to the main effects and interactions of various factors studied. The results of the design of experiment were interpreted using MINITAB 14 statistical software tool and the effects of various factors studied were analyzed on the response.
Results and discussions
Process modeling and optimization of biodiesel synthesis from cottonseed oil
The trans-esterification process of conversion of cottonseed oil to biodiesel was performed by varying the various factors affecting the reaction like temperature of trans-esterification, amount of NaOH used, alcohol to oil molar ratio and reaction time. The study range of variables affecting the biodiesel yield is given in Table 3 . The values of factors studied in the half factorial design along with the experimental biodiesel yield are given in Table 4 . The regression correlation for % yield of biodiesel regardless of the significances based on the regression coefficients obtained is given below:
Contour regions and interaction plots for biodiesel synthesis from cottonseed oil
The contour plot for the yield of biodiesel for variation of reaction time against alcohol to oil ratio, amount of alkali and temperature is given in Figs. 1-3 respectively. The contour of variation of alcohol to oil ratio with amount of alkali and temperature for study on biodiesel yield is given in Figs. 4 and 5 respectively. The interaction matrix for the biodiesel yield variation with four variables studied namely temperature of trans-esterification, amount of NaOH used, alcohol to oil molar ratio and reaction time is given in Fig. 6 . It can be observed from Fig. 1 that the alcohol to oil ratio of 6:1 yields above 92% biodiesel for the reaction time within 60-120 min. The increase in alcohol to oil ratio to 8:1 provides reduced yield in the range of 88-90% biodiesel over the range of reaction time studied within 60-120 min. The maximum yield of biodiesel was obtained for 6 parts of alcohol and the presence of excess alcohol beyond this reduces the yield of biodiesel significantly.
The contour plot shown in Fig. 2 for reaction time versus amount of alkali for yield of biodiesel provides that the maximum yield of 91% was obtained for 0.5 g of NaOH/l of oil and increasing the catalyst amount beyond this level reduces the yield of biodiesel by trans-esterification. It can be observed that the yield of biodiesel obtained reaches maximum by 60 min of reaction time and an increase in reaction time beyond this even up to 120 min has less impact on biodiesel produced.
It can be observed from the overlaid contour plot of reaction time versus temperature shown in Fig. 3 that the yield of biodiesel was significant at around 90-92% for the trans-esterification temperature range of 60-65°C for the entire reaction time Figure 5 Contour plot for % yield of biodiesel for variation of alcohol to oil ratio with temperature for homogeneous catalyst. The interactions of all factors studied except the comparison between using homogeneous and heterogeneous catalysts during biodiesel production are given in Fig. 6 . It can be observed that the alcohol to oil ratio from 6 to 10 and the amount of alkali catalyst added during the reaction from 0.5 g/l to 1.5 g/l has negative effect on yield of biodiesel. The temperature of trans-esterification from 50°C to 70°C has strong positive interaction on yield of biodiesel as observed from Fig. 6 interaction matrix. The increase in reaction time from 60 min to 120 min has no much significant impact on yield of biodiesel.
Biodiesel properties estimation from cotton seed oil
The biodiesel synthesized using trans-esterification process using cottonseed oil was analyzed by estimating the various physical properties. The various properties of biodiesel synthesized like acid value, viscosity, flash point, density, calorific value, pour point and cloud point estimated are shown in Table 5 . The results obtained were compared with ASTM D975 and EN14214 standards and were observed to be in the range meant for quality biodiesel as shown in Table 5 .
The estimation of various properties of biodiesel produced is done to ascertain its quality [34] . The calorific value was measured using bomb calorimeter-Isoperibol, with a Stainless steel 25 mm diameter crucible with 2 g capacity and at operating oxygen pressure of 30 bars. In the bomb calorimeter the Figure 7 FT-IR spectra of glycerol obtained during trans-esterification of cottonseed oil for homogeneous catalyst.
Biodiesel synthesis from cottonseed oilsample of biodiesel was completely combusted in excess air and the amount of energy released when this sample of fuel was completely combusted in air was estimated. The calorific value of biodiesel produced was estimated at 36.18 MJ/kg. The estimated value is comparable to 35 MJ/kg obtained for biodiesel as per EN 14213 standards. The flash point is the lowest temperature at which the vapors of a fuel or any flammable liquid catch fire when exposed to a flame. It was measured using Pensky Marten's closed cup method [35] . The flash point of biodiesel produced is 160°C.
The estimation of pour point was done based on ASTM D5853 standards. The biodiesel sample was cooled inside a cooling bath to form paraffin wax crystals. When the biodiesel does not flow when tilted for 5 s the pour point is recorded. The pour point estimated for the biodiesel produced is 2°C.
The estimation of cloud point was done based on ASTM D2500 standards. The cloud point estimated for the biodiesel produced is 9°C. The acid value is a measure of the free fatty acid content in any fatty substance. In the case of biodiesel, it also expresses the level to which a sample has been oxidized and denatured. It is the amount of KOH in milligrams that the sample of biodiesel consumes per liter. The acid value of biodiesel was estimated as 0.39 mg KOH/l.
The aniline point is the minimum temperature at which biodiesel and aniline of equal volumes are miscible. The equal volumes of aniline and oil are continuously stirred in a test tube and heated until they merge into a homogeneous solution. The temperature at which the phases separate gives the aniline point. The aniline point of the biodiesel produced is 41°C.
The properties of biodiesel produced by trans-esterification of cottonseed oil using multi walled carbon nanotubes are given in Table 5 . The flash point of biodiesel is 156°C which is greater than ASTM D975 standards of minimum 130°C. The calorific value of biodiesel is 33.78 MJ/kg which match the EN14214 standards of 35 MJ/kg. The viscosity of biodiesel is 2.496 mm 2 /S which is in the range of ASTM D975 standards of 1.9-6 mm 2 /s.
Fourier transform infrared spectroscopy studies on biodiesel and glycerol from cottonseed oil
The Fourier transform infrared spectroscopy (FT-IR) is used to characterize the biodiesel and glycerol obtained by transesterification of cotton seed oil. The glycerol obtained as top layer was distilled above 100°C to remove excess ethanol and water. The FT-IR spectra of glycerol obtained as shown in Fig. 7 provides that the OH -peak around 3000 cm À1 and the CAH peak near 2800-3000 cm À1 reveal that the compound obtained is glycerol. The Fig. 8 shows the FT-IR spectrum of biodiesel produced as bottom layer. The absence of the Figure 8 FT-IR spectrum of biodiesel synthesized by trans-esterification of cottonseed oil for homogeneous catalyst.
OH
-peak and the presence of ester peak at 1750 cm À1 and CAH peak near 2800-3000 cm À1 shows the presence of chain fatty ester.
Most of the carbons are all single bonded carbons CAC, and sp 3 hybridized and hence CAH bond stretching is observed at 2800-3000 cm À1 . The CAH bending will show good absorbance around 1350-1480 cm À1 as observed in Fig. 8 . The CAO bond in the range of 1000-1300 cm À1 is present in the ester group, and can be seen as more than one peak. Since there are C‚C bonds also present due to linolenic acid and other unsaturated acid ethyl ester as observed from peak at 1653 cm À1 characteristic of C‚C stretching. The ‚CAH stretching is observed at wave number 675-1000 cm À1 . The FT-IR spectrum of biodiesel produced by transesterification of cottonseed oil using multi walled carbon nanotubes as catalyst shows the ester peak at 1745 cm À1 as provided in Fig. 9. 3.5. Gas chromatograph mass spectrometer (GC-MS) studies on biodiesel synthesized from cotton seed oil
The trans-esterification of cottonseed oil by homogenous alkali catalyst results in individual constituent fatty acid triglycerides of the cottonseed oil converted into their respective ethyl esters, and untrans-esterified triglycerides. The final composition of the biodiesel sample was analyzed using a Thermo GC Trace Ultra version 5.0 Thermo MS DSQ II with a DB-5 MS Capillary Standard non-polar column. The dimensions were 30 m with internal diameter of 0.25 mm and a film thickness of 0.25 lm. The carrier gas used was Helium, with a flow rate of 1 mL/min. The temperature programing was set as 70°C and raised to 260°C at 6°C/min. The volume of sample injected was 1 ll. The GC image of biodiesel obtained is shown in Fig. 10 . The mass spectroscopy images for the significant peaks were identified corresponding to the important constituents of the biodiesel and summarized in of 2,4-decadienal compound occurs as a result of oil heating and not a constituent of the pure oil or biodiesel [36] .
Blending characteristics of biodiesel blended with diesel
The property estimation of biodiesel blended with diesel was studied for different fractions of biodiesel blends with diesel. The properties of the various blends of rich biodiesel in diesel will affect solvent effects of biodiesel, lower flash point of biodiesel and presence of free fatty acids in biodiesel will cause changes in the overall fuel characteristics of the biodiesel. The viscosity and flash point of different fractions of biodiesel blended with diesel are given in Figs. 11 and 12 respectively. The lower viscosity of diesel and the solvent effects of biodiesel together provide the advantages of lubricity and lesser clogging.
Conclusion
It is useful to use cottonseed oil for biodiesel production because of the inherent advantages over other oils due to higher availability of cotton and cottonseed. The interaction effects of the various parameters upon the yield of biodiesel have been studied and the interaction effects have been recorded in the interaction matrix and the yield has been recorded to be highest at 110°C for an alkali concentration of 0.75 g NaOH/l of oil at an alcohol to oil ratio of 7:1. Blends of biodiesel and diesel, as well as pure biodiesel have been studied for various fuel properties and cottonseed biodiesel is found to be satisfactory for locomotive usage as per the ASTM standards. The properties of biodiesel using homogeneous alkali catalyst and heterogeneous multi walled carbon nanotubes such as calorific value (36.18 MJ/kg, 33.78 MJ/kg), flash point (160°C, 156°C) and other properties such as viscosity, cloud point, pour point and density were found to determine the quality of biodiesel produced. Biodiesel fraction in blended mixture Figure 11 Viscosity of biodiesel blended with diesel for different fractions of blending. 
